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,gs ti on shoved that cone true tion cf 
a portable force -re a curing device that depend e on vaiyi^g 
elastic curve to produce a measurable strain ras impractical 
when the strain measurement wrs performed w 1 th an electrical 
resistance strain gage. 

It is recommended that further investigation be con- 
ducted in the area of other changes in the geometry of the 
hollow-cylinder, a means of magnifying the changes in georue tr 
and o means of remotely detecting very small d isola cements , 



Thesis Supervisor: Dr. V; j Ilian If. Hur- 



ray 



- V 



List of Symbol? — 

T n trod nc t i on* -■ - - 

Ana lv sis and Desinn---- 



Result- - - — - 
D 1 s o u s f> ' c n c 



tesul r, s * 

Conclusion s end Recommend o tion?-- 
App e nd ix - — - — 

I. Ms nd erls-V; inkier Equations- 

II. Saint Yen ants '• Principle-- 

III . Curved Ham-- — 

J V . S s rap 1 5 P r obi e m - - - - - -• 

Bibl iogr-a phy 



Pa^ 

~T" 

9 

8 

2? 
P.3 
2 h 
2 $ 



26 



23 

32 

39 

hi 



•4 - 



L'ST 0 ? r v M"CLS 



M — 

cj, l 

E 

I ~ 

r 

(j 

6 

t 

K . 

8 

h 



- b e r. d i n £ none n t 
-length 

- Y o u n £ s' Kodv.l u s of Flos t i c i 1 
- rr:> o r : o n t o f inertia 

"•slope of tanker. t to clastic 



— „ _ r, tr o s n 






s ora in 

• th i c kn e s s 

• average radius 
■concentra ted forces 
•d i s plae orient 
-height 

• strain gage- voltage drop 



■j 



curve 






The purpose of this thesis was to analytically design 
0 portable device that would ramnrf. the fo v *ce on s hollow 
cylinder acting as. a bear'.. 

The particular application that wa s used as s '‘vehicle 1 ’ 
for design development was the design o.f a device that 
would determine the lord on the axle of r- cargo aircraft 
as it sits on the ground. 



A cargo aircraft very often will hr. utilised on 



L OU f 3 



on which there are several stops. At each stop the pl r, no 
loads , and unload ' 5 cargo, shifts cat go, and possibly re- 
fuels or shifts fuel. All these operations cause the 
weight and center of gravity to vary from their values 
when the plane i a in the light condition. The value of 
weight and the location of the center of gravity are of 
vital importance to the pilot of the plane since they 
help to determine the take-off run required, the lift-off 
speed required , and the in-flight controllability and 
stability. 



The per table device would enable tb ** p". let ic have a 
cochnj t, proa t: ' Ac u of th'> force cn each axle of the 



aircraft. /. simple, ctlcuie ti or ’ ould thor. £ ~ivo him the inr> 
formation; or, an electrical circuit could bo designed to 



f \\ * f 
‘ i c t< 



?n 



combine tho signals from the. axles in such a way th 
six craft .-eight and center cf gravity would be pro: 
directly, Tho present method of determining weight and 
center of g/.vity movement is to have a ere;. 'mar: calculate 
the change based on the es tim ted weigh t of c>rgo end its 
estlo t.'J distance from the location of the center of 
gravity of the empty aircraft* The method is very 
subject to h unart error and carol cosness , 



The desiru 



the device to bo portable *•; a s motive ted 



by t.;o ids as , The first vs r. that s co'^rapv operating 
cmg-' e i«crsf t would require only a few sets of the devices 
sir.ee they could be removed from aircraft not engaged in 
the Fill Li*- stop cargo hauling. The second reason vas so 
th* t any user of the device would not require specifically 
trained personnel to install and remove the devices, 
(Portable has been, used in the sense that the device is 
easily installed.) 



The motivation for selecting the cargo a ir era 
'‘vehicle 5 ' of design development arose from in tax e-s t of 
cormmeroi d- c. • in obi rinlrr-* a nor t •»b!e lc '-d 



r. :•? 



r> r i • i r 



‘ i r i 



r.rul 9 iv 



of the forces and din - ’ • • * . ol . <.d in analyzing tho 

hollov: cylinder and ce.v5.mlnr a device to measure its’ 



loading. Hovovcr. there 



r.cnv other uses to which 



such a device could be placed , V'ith only a couple of 
pipes and a system cf the -per table devices, neighing 
stations could be quickly set im by untrained personnel 
Such voighing stations vroul d alien opera tor?? of con- 
ventional ships, container ships, and roll-on, roll -off 
cargo ship? to ascertain cargo loads regardless of the 
sophistication or develop?:' nt of the port. 
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Exanina tion of hollow cylinders supporting concentrated 
loads, such as aircraft a: 1 ~ , re- eel ed that several 



t nv & 1 1,0 :1 o 1. g h z o 


fjpp] ir* ' 


hi' , Th-" inn do 3 a eons 


Id e rod 


hollow cylind ••.ro- 


<r. G v ... x J 


a,, a si mole b •;:n with 


£ CO'': 


oted lead at mid 


-span, ■ 


a f 5 o u e n d h * a m *. ; i th 





concentrated load st raid* span, and o& r cantilevered fcoatf* 
v:ith a concentrated load at the free end . In coins cases 
the cone on tr.:. ted load represented the weight of the air- 
craft ea it was transmitted down the strut, in some cases 
the concentrated load represented the w reaction tram. ■ 

mi t ted through the wheels. In any event, a model in- 
volving £• concentrated load and some sort of support could 
be developed for any system of cargo aircraft landing 
gear arrangements. or, for any portable weighing station 
that might bo proposed. 



Since the objective was to design s portable device, it 
was decided to measure some deformation that would occur 
in the hollow cylinder. To this end the simple bean 
was analysed in an attempt to discover a relation 
between the concentre ted load and a defornution that 
could be detect: ’. I’igure I. shows - the bean and its* 
a o soci v 1 a d s ho -e r p r, d t r; d i p. g mo :.e n t d i a i ■: verm , 
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(c) 



(c) Moment Diagram, 



A section, A~?, of the beam ’./os isolated. The no mien t on 



the A end of the section ve ? determined to be 



\A.~ 



„ F 



<3 



(1) 



and on the B end of the section it res 

Med (2) 

The sign convention used in equations (1) and (2) was 
that moments were considered positive when acting clock- 
wise on the end of a section. 



The moments on the ends of section A-B can also be de- 



termined from the Hand erla --Tinkler Equations which gave 
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M*> ~ ~j~ (2T„ + r 0 ) 
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1. See Appendix I. for equation develop- 
is the slope of the elastic curve and i. 
measured clock’'.'! so from the eherd c-o/.u. ■- 
t h e s e one n t o r be n m , 
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separating the ends of the arbitrary section A-B, It 
should also be noted that equations (7) and (8) are 
subject to the same limitations as the ha nd or lr.~Y; inkier 
Equations; principally that there can bo no die- 
continuities in l he V./'M curve within the span of "% 



Hereafter, the proportionality constant v/ill be called C, s . 
and equation (9) represents all relations of concentrated 
load and elastic curve slope, 

f = c,(avt r s ) (9) 



With 


equation (9) in 


t n cl 


, the next step was 


to do 


some way 


of d e term* n i ng 


the 


slope o f the me mb e r 


from 


’which th 


e load that was 


C P. U 3 


in?; the slope could 


be do 



vclopad , 



At this point it was assumed that simple beam the 

would apply to the hollo'; cylinder. The Manderle- 

Winkler equations 2 ’oquircd that considers tien be giv 

only to a section with constant shear which confined 

any section such as A-B of Figure I. to an unloaded 

portion of the cylinder. Additionally, by suitably 

limiting the distance, , between ends of the segm 

under consideration and calling upon St, Venant’s 
1 



° 7 Y 



Principled it was possible to stay out of a region of 
complex local deformations. Based on the foregoing it 
was reasonable to assmue that a segment of hollow 



cylinder could be selected that deformed 



elastically as 



a simple bean; that plane sections remained plane and 
that the radius of the cylinder remained constant. 



U See Appendix II. 
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gages. Thi r concept called for holding the perpendicular 
r ms i n p o 1 1 i on ’..it h s o mo s ort of s p r i n g loading v; i t b -- 
in the case of the device and anchoring one end of the 
second , or strained member, to the ca re. 

The member supporting the strain gage should be very 
fieri bio compared to the upright. There fere, several 
typer of thin curved bars wore examined. Flexibility 
T . rc a d aired sc that the tip deflection of the arm and 
the slope of the clastic curve of the hollow cylinder 
would not be unduly distorted by resistance to deflection 
of the free end of the strained member. 



The first thin curved bar examined vs s in the form of 
a one-half circle a: shown in Figure IT where P is a 
force exerted on the free end due to the deflection of. 
the tip of the arm he Id perpendicular to the cylinder 
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(3) 



After tube t: tut i nr equations ( 10 ) and (11) into (32) and 
(13) the displace.. outs toward the center* of corvs tore , 8a 
and perpendicular to the a foreran 1 5 oned , , re re found to 

bo : 
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the load ins depicted ir Figure II, Pqu:« lion a 06} and (].?) 
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( 70 ) 



And then by subtracting (20) from (19) the result was 
equation (21), 

f- ~ f- — f ’sa 22 7. 

V. C i c? t. Csjrc.'": q 

This wss readily solved for PH/21 and related to the free 
end deflections of the half ring. Sin! liar analysis, was 
made of the quarter and three quarter rings : he t^h^cl in 
Figure III and the results are indicated by ec^ •• i,! cn .- (22) 



(21) 



where' D is a constant with values shown in •* ■ -Uu 
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Tbs ne.\ b s t°p under ts!:en \;?s to relate the tip deflec- 
tion of the upright to the deflection of the free end of 
the various partial-circle curved bars and in turn relate 
the slope of the elastic curve of the hollow cylinder to the 
strain in the curved bar. As the slope changed, the tip of 
the upright v;ould de.Meo Assuring cue 11 slope variations, 
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However, the upright tin : 



; v a r t, v i l h t h e c u r- v e c b a i , 



The V ur e d i s t>1gc<? r : c- n t 



C< a e to c vl ? nd er e 3 or e ir 



reducec; by en 5 n terse ti\ e d is pi. r . oer.ent resulting fron the 
upright tip beiny. define led sc & cantilever by the curved 
bar, Ir. add 5 hi o i , du. ft to th \ •• • * h t end fch? curved bar 
beir 'j i.i coo tar', the d „ •'‘3 c.e tion of the npri w ht , $ v , equals 



the c. ? flee '.-’.on, G ? . of th . err 



rr; and l ’ e .force , P, 
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•f* V\ 



•me 
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Fquatic.; (2e) va r solved for ? and equate 5 to lire force, 

expressed lx. terra of displacement, act.lnr on the fr;c e..d 
cf a. cantilever. This led to an expression, equation (2°), 
for into r a c t ' v e d 5 s rise & n a n t in ter ;n a of c u r v e d - b s v f r e o e r d 
di splso orient. In equation (23), and . hereof cor, the sub- 
script u refers to the upright, subscript r refers to the 



curved bar. 
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(26) 



By substitution of equation (25) into (27) an expression fo: 
slope ir: tarns of c"i ved bar disr.lo current is obtained, 
equation {?<?). 



*T*' 



_T 



7 - 



11 L z #;: 3 ’W;fyJ d ;> 



( 



29 ) 



Equa lien (29) vjs then rod ifivd v:IA ecus ticn (22) 
to finally- rr*--o 2 fc on cr^v-o --icn for slope in term 
of s tr u .• n . o c” o 11 on ( 30 ) , 



r •-• [m- ... x.g.Mii 



L 



( 30 ) 
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strain in the fibers of a flexural nenter 3 it was de- 
sired to select a particular type of curved bar: 
ei ther in the fern of a one -hr* If circle or a three 
quarter circle. The idee of a qusr ! or \rcle vac dis- 
carded because of the location of the occ”v mo : of 
r.rxir.v.r: s hr * r. , It would occur at f e ft * • rd o' : V- 

cp’uf "r circle hr:; a -ml tier :>.e- th - «. 

strain would be •• op-. »£.iblo, r r ..i . - r)1 



,.TP. 



c 1 ns in 


d if fere 


.<r, , rv ' 


•;ec 


e tic . ! 


bn: a l n r 


pe- per- 


c e n t a £ 


. In o' 


l - V* >* 7. 7 rv y 1 ^ c 

' M N- .. V.M •.» *0 4 


for 


' s Z - ' ' 


on boll o’.: 


cy l i rid ei 



under a yi v on loading it v;c? do Mr able to utilise the 



type of cu:'vi 5 



that would result in the r.osl 



sensit'viM: th* t is 






the bar that would mo- 



due c tr ? hi .best strain. T ' a vos ec coins] i shed bv 



C Q ' i.V 



o"i c . . n 






oi curved 



be ho cu the [eo'v hp conoid-: ra fc'^-.-e and ae cun r ti one 
deoictM in Mqura IV. 
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IV. 



C-ecrr* tries 1 A s sump fcioni’ for Evaluating 0 o 



From equation."' (30) and (23) and based on Figure IV, 
on expression for the relationship vrs developed which 
is given by e quo Mm (3?.) 



£ Jjj c<; l /. t. 
c V* c» ' ~ 

JL’/i- : 
tv* 



Cp. Vs CS71CL.Z 

£■;. vt C!.*£J.S 



f /. V hr 1 i'/'x- v **' f | i* Va 

[tvj>£;q;,rp”7'_fr;b 



? p } 






~ 1 > 



Since the upri ght should bo stiifer than the ring, 
it was concluded the t the role ticn £»/Jr would bo 
greater than one. This peinltted the second terms in 
the denonina tor and rumors tor of the tern in brockets 
in equation (33) to be neglected. Consequently, 
equation (33) simplified to the value; 
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Based or equation. (34) a curved bar was chosen that de- 
scribed one-half a circle as the strained member of the 
load me a s ur i tig d e v i c e , 



In order to combine algebraically, in correct re- 
lation for signs, tho various strain gages wore 
located on the curved bars at the two sections, A and B, 
in a Wheatstone Fridge circuit. Figure V. depicts a 
schematic model of the device and its' relative 
orientation. The arrows indicate the direction that 
the upright tips move when the slope of the elastic 
curve is positive, Tho sign convention employed for 
the strain remains positive for length change resulting 



from tension. 
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Figure V 
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The trie! c-e a rr. > cc-il 



equation (36)* 



if s shown in 



^/uj ~ Ctr + C'er £ mwj 



( y ) 

A check to determine maintenance of proper signs 
shoved that if there "-s tension in <?v ; r ,• 9 nd compression 
in <f 'o ? the indicated strain at the A section would be 
negative , This was correct since the tip movement 
required at A to produce the aforementioned state of 
strain would have to be to the left, referring to 
Figure V, , That tip movement could only result from 
negative elastic >«;/e elope. 
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A portable load nc-ssurinr device Vjl ccnce-ptusliy 
f emulated v/hoes ye nor cl schema tic arrange nor. i has been 
decided in Figure V,, The functional relation of lord 
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Analyzing s sample loading situation that the cc- - 
ceptually for pul a ted device could bo employed in re- 
vealed that the concept contains conflicting constants 
If the device vere to be constructed to fit inside a 
hollow cylinder of wxpocted d •lensions , the- moment of 
inertia of' the cui ved bar member would have to exceed 
that of the upright by s very high value. This could 
be partially alleviated by selecting a material for th 
curved bar that had a Youngs’ Modulus that was only a 
fraction of the modulus of the upright. However, any 
variation of modulus does not help the situation that 
the flexibility of the curved bar should only be one 
hundreth that of the upright, which is the reverse of 
one of the principle assumptions underlying the con- 
cept, Ey assuming the flexibilities were equal, the 
concept then required that the height of the devices 
upright be about ten times the radius of the thin 
curved bar. This would have dictated a curved bar of 
thickness approximately ;qual to five hundredths of an 
inch, which seems inprsc tic-ally tiny; or, the upright 
would have to be of such length that the device would 
no longer fit 5 - r id e hollow cylinders of the rise most 
like!; to lc ewe 
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APP ENDI X I 

-V/ inkier Ecus fcions 



The Hand erl ?• -Tinkler Equations v m -c- derived by 

roes nr. of the reorient ares theorems . x " A s cume thn t a 

portion of a beam has a ",/HI curve as shown in Figure I, 

and an elastic curve as shown in Figure II. Utilizing 

the Second Foment Area Theorem, which states that the 

deflection, of point 2 is equal to the I cu'-ve 

* veon co? n ts 1 and 2 about cn a.,..*s through point 1, 

the Ho nderla«V.’ inkier Equations Co.* be derived as 

follows: ^ 

* eT 




li/iil Curve 

'£*, ~ siti‘ Si/ % ly 




i t Sit) 



/l 

l, A 



assuming small slope (A-l) 

assuming, small si one (A-2) 



1. Norris, C ,ii, and Ail bur, J, 8. , El em enta ry 3 true b'r n l 
A n a 1 y sis, ~ r> , 6 1 3 
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fror'i 2— ■ ^orient 



<■; -hsoren 



s , - -& m ) + *& [****3 ( A - i .) 



Sub3 vita Ling ecu a tione (A-3) and (,.-, 1 [ ) into (A~l) 
And (A«2) fibd re-arranging 
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Ivj.ng (A-5) leads to the. I i a n d e r 1 a ~ V i n ’< 1 e r i ; curb lone : 



(A -7} 

(A-£) 



The hand orla-V. : nkler Equations utilise the following 
sign convention; slopes arc oositive when measured 
clockwise with reference to the chord connecting points 
1 and 2, and moments are positive when, clockwise on the 
end of the member. These equation* are also valid only 
if there arc no d scon t innl ties in t'.\ n * '/. I curve ’with- 
in the portion under consideration. 
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? a in t Vena n t 5 a Pr Inc ipl e ■ 



In both Modeling end design, St. Variants 1 principle 
has been called upon. The principle states that: "If t 
loading; on a snail part of the boundry of an elastic 
system is replaced by a different loading, which is 
statically equivalent to the original loading, then 
the stress distribution in the system will be sensibly 
changed odj in the neighborhood of the change: the 
stresses at a distance fro:? the disturbance equal to th 
slue of the disturbance itself will be changed by a few 
percent only. 5 ’ 2. St, Venanfcs * principle is not a r.:a th- 
em© tical theorem or a law of nature, but is based on 
common sense end a large collection of mathematical and; 
experimental results that bear out the principle. 



An example of mathematic-el support of St. Variants’ 
principle can be found in a study made of the stress ci 
t.ribution in a simply supported beam with a concentrate 



1. First stated in St. Venants' memoir on torsion 
published in Savants e tr angers*' 

Vol. 1>.|, l°o5. 



Den Far tog, 
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locd which was orefov ..-3d by T.V. Kerman and F, Seowaid , 1'. 

Herman arrived at 9 stress function which gives the 
stress distribution in a beam when the bending moment 
diagram consists of a very narrow rectangle, as shown 
In Figure A - III , 
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Figure A-III 



Bending Moment Diagram 






s tre s s f unc ti on 



( <j> ) is a function of x, y that 
is introduced to solve the equations of equilibrium and 
comes tibili tv and to satisfy the boundary conditions. 
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The stress function that Karma n developed from con- 



sideration of Figure A-III was: 
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Seewpld utilized Horne re 1 stress function to solve 
for the stress function of 3 bear, subjected to a con~ 
contra ted load. He did this by assuming that the bend- 
ing moment diagram resulting from any loading could be 
broken up into small elements that would approach the 
rectangle used by Kerman in developing equation (A- 10 ) . 
Seevald then integrated over the length of the beam to 
obtain a- stress function appropriate to the simple beam, 
with a concentrated load. He then divided the stress 
into two parts; the first part was calculated by 
application ox' the elementary beam formula, and the 
second part wa s termed £p/ end represented by •/& ( *0 where 
P is a numerical factor that depends on position, 
figure A-!'/ shews the results hs obtained. 
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of local stresses arising 
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append i* ii i 

CURVED BARS 

The st^osi’ distribution find deflections of curved 
bars, cannot, in general, be analysed using the theories 
that arc applicable to initially straight elastic member 
There are two approaches that can be taken; the first is 
to regard the bar as "thin", and the second is. to re- 
gard it as "thick," 



A bar in which the thickness, v, is 10 p a fc or 
less of the radius of curvature, R, is considered thin. 
In such a bar consider a small element, ds, that is the 
same order of magnitude os the thickness. The end 
sections of ds arc not parallel to each other and 
since they are perpendicular to the curved center line 
they form on angle. However, this angle is of the same 
order of magnitude as t/R and can be neglected with 
the consequence that the ends are considered parallel. 

Hie inner and outer fibers of the element ds are also' 

* 

of different lengths, but once again this difference 
Is neglected since the included angle between the end 
sections and the small t/R relation res"} fc in a .11 
percentage difference in fiber length,. Tin- ‘T~at. 
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straight, and straight beam the or y It nr.rlied. To bo 
specific, the neutral fiber passes, through the center 
of gravity, the bending stress distribution is linear, 
ths stress is given by equation (1) where y is the 
distance fron the neutral axis to the point under con- 
sideration and the deformation is determined by 
equation (A-12) '.'here cLp '.z the change in angie that 
occurs in the angle be two^n end sections ds aoart 



jhc:\ the segment c’s is stressed. 

0 " = 

M = 



X 



Jr*, 

clS 



(A-ll) 



(A-12) 



As an example, consider a cantilevered bar of 
arbitrary, (but fc/R^, 1 } , curvature in one olane with a 
concentrated end load pat the free end as shown in 
Fi£fU V/ 3 A~V , 




v u 

6 c 



4 f 






4 



Firure i -7 



v-' oil a J, * . . — «— • i W „ A*. J • J. • i 



rt 



_ -VI 

-J . r 



By selecting the co** •»]*■>• --y. t m so that the line 

of action of P is along c- -• "h the ex 5 s, the moment at 
any arbitrary point can be found by sinoly isolating the 
free end from the arbitrary point out.-:::: cl and multi- 
plying P time? the distance th: line of force action is 
from the point. In the example shown in Figure A»Y , 

K"Px and the stress is immediately determined using 
ecuaticn (.---12), 



In determining the displacement of the free end 
some intuitive reasoning is necessary. In Figure A~V 
the segment 6c is allowed to deform according to the 
moments exerted on it; however, the remainder- of the bar 
is assumed to remain undeformed. This means that the 
section of bar form A to B is uneffected and that the 
section from B to C rotates as a riged body through i 
small angle which, causes angular deflection , dis- 
placement d$ v , .alone the line of load action, and dis- 
placement d£« in a direction perpendicular to the line 
of load action. In order to determine the total de- 
flection at the free end one then merely tabes the sum 
of all the small deflections caused by allowing small 
segments- to flex by themselves from A to C , 
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on the geometry and ae.'unii.o small angles; 
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(3) into (.';) and (5 ) , end 
s for the movement of the free 

(A- 16) 
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cases when the curve bur 8 of the bar is sharp, 
greater than 10 percent, ’ several of the fa c tors 
ere neglected in the examination of thin hors can 
ger be -neglected , The principle factor that c n no 
be ignored is the difference in length of the 
and outer fibers. The percentage difference has 
significant, and this in turn tit ken assuming £ 
distribution of tangential straps inaccurate, 
bar is deforn-d, the total defoi nation of the 
is directly proper Lionel to .the distance of the 
from the neu ‘■•ral surface; he-- c ,'~ c -v , vc j ~ 1 ' t h •; t 
is do for •!••>';* •• . ror u, ■'*.!' !■" U" ■< . , n .-‘ c. • * f- ~ 

fi v p v- f v ( v» - t *- J r 1 ■*- p V i r C * " * • * v ’■ i 



s trains 



neutral surface ci.? ic i' _ 

fibers , This rsano chat :•! in the eiostic range 
(cr- £6} of tb* ra tericl, the tangential stress is nob 
1 .1 r. e a r 1 y dl str*i bu t e d . 



Severs 3 a^nr ocbec hove been node in analyzing t’re 
stress distribution in thick curved bars, which includes 

] t 9 

the er act solutions, * least work solutions, * and hyper 

c 

solutions , " * The hyperbolic, or hi nkler-Pach, solutions 
have beer, related to the tangential stress distribu- 
tion based on the' simple beam formula by moans cf a 

ji . 

constant.’ The relation applies, only to the outer sro 
inner surface fibers and has been presented in tables 
for various cross sections and t/b ratios cf bars that 
ere subjected to bending only. 
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equation for use v l th the tables is : 

P' • o t , \{ f £? -. 1 
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(A “ 19 ) 
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end M is the applied r.o-nnt end is positive ’.'hen de- 
creasing the radius of curvature, C is the distance fro;: 
the centroid axis to tb° fiber nearest the center of 
curvature, A is the cross sectional area. end R is the 
radius of curvature measured to the centroid axis, and 
B is defined bp equation (A-21) , 
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In equation (A-21) y is measured form the- centroidal 
axis and is positive when measured away from the center 
of curvature of the bar, 



If in addition to ’a bending moment M. there is an 
axial. load that passes through the centroid of the cross 
sectional error; the correction factor K is generally 
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equation (,\-22) is quite close," 
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but, for purposes of the sample problem curved b-r 
dimensions, upright dimensions, find etc., were chosen 
on the fees 3 s of £ pproyir.fi fee size Units r-c. ther then '.\s< 
dimensions that would actually fit ins 31c tn° a sour' of 
hollo’.' cylinder. 
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